We present the full two-loop β-functions for the minimal supersymmetric standard model couplings, extended to include R-parity violating couplings through explicit R-parity violation.
Introduction
The supersymmetric extension [1, 2] of the Standard Model(SM) which introduces new scalar particles for SM fermions and new fermionic particles for SM bosons is a model which baryon (B) and lepton (L) number are not automatically conserved in the renormalisable Lagrangian. In the SM, the baryon and lepton number are conserved automatically because it is impossible to write down renormalizable gauge-invariant interactions that violate baryon and lepton number. However, in supersymmetric extensions of the SM new interactions are allowed to violate baryon or lepton number, so a discrete symmetry is often imposed to prohibit the unwanted interactions that violate B and/or L and lead to unacceptably large effects [3] . The most common discrete symmetry is R-parity which is defined [4] :
where S is the spin of the particle. All SM particles including the two scalar Higgs doublets are even under this transformation, and their superpartners are odd, which forces SUSY particles to always be made in pairs and forbids decay of the Lightest Supersymmetric Particle (LSP).
Alternatively, since R-conservation is not theoretically motivated by any known principle one can allow the B and L violating interactions to remain in the susy lagrangian, and constrain the couplings to be consistent with present experimental data. Both present of possible baryon and lepton number violating couplings may lead to unacceptably large effects such as proton decay. However; one can consider scenario which allow B or L violating interactions [4] . Therefore, the possibility of R-nonconservation deserves consideration. If we require a supersymmetric Standard Model which is only minimal in particle content the superpotential is modified to allow for additional Rparity violating interactions. R-parity violating interactions come from either superpotential terms which violate baryon number, separate terms which violate leptonnumber, or from soft supersymmetry breaking terms. There are different kinds of such terms, of dimensions 4, 3, or 2, with a potentially rich flavour structure.
The rich phenomenology implied by R-parity violation has now gained full attention in the search for supersymmetry. The R-parity violating terms in supersymmetry have theoretical and phenomenological implications in supersymmetric theories [6] ,such as:generating majorana neutrino masses, mediating various flavour and lepton number violating processes, modifying the signatures of supersymmetric particles at colliders, and possibility of decay of the lightest supersymmetric particle(LSP). It can also modify the Higgs sector [7, 8] .
All parameters of the MSSM lagrangian such as gauge couplings and Yukawa couplings are scale dependent when one renormalizes the theory and replaces the bare parameters of the theory with running parameters. They are energy, or equivalently distance, dependent through virtual corrections. One can relate the values of these parameters at different scales using the Renormalisation Group Equations(RGEs), which involve the β-functions. We know low-energy supersymmetry is a perturbative theory, which relates observed phenomena at low energies to physics at very high-energy scales. For example, it is remarkable that in the MSSM, the three gauge couplings appear to unify at scale 2−3×10 16 GeV (the GUT scale). With the parameters of the model specified at the input GUT scale by some candidate organizing principle, one can run the couplings and masses down to low energies using the renormalization group equations and make predictions about the sparticle masses and other low-energy phenomena. Therefore the knowledge of the β-functions and anomalous dimensions of the theory is vital. The gauge β functions and the matter multiplet anomalous dimensions have been calculated up to four and three loop respectively [9, 10] in the R-parity conserving (RPC) case. The full three loop β-functions including soft β-functions have been presented in [11] . The two loop gauge β functions and anomalous dimensions in the R-parity violating (RPV) case have been calculated in [13] . In particular, Ref [12] contained a complete set of one-loop β-functions for RPV parameters. The full two loop β-functions for the baryon number violating (BNV) couplings have been presented in [14] . In this paper, we shall write down explicitly all possible R-parity violating terms in the framework of the Minimal Supersymmetric Standard Model, assuming the most general breaking of R-parity, and then will complete results of two loop β-functions for all R-parity violating parameters of the MSSM.
Beta Functions
For a general N = 1 supersymmetric gauge theory with superpotential
the standard soft supersymmetry-breaking scalar terms are as follows
Here λ is the gaugino and M is its mass. The renormalization group equations for the gauge coupling and the superpotential parameters are given by:
where µ is the renormalization mass scale. The β-functions β ijk , βij and βi are determined by the anomalous dimension (γ) of the chiral supermultiplet Φi as follows:
The one loop results for the gauge coupling βg and γ are given by:
where Q and P i j are given by:
where Y ijk = (Y ijk ) * and T (R) is the Dynkin index summed over all chiral multiplets. The Casimir invariants C(G) and C(R) i j are defined by:
The two loop β-functions for the dimensionless couplings are given by:
where r is the number of generators of the symmetry group, and Q and P i j are defined above.
The complete exact results for the soft -functions are given by [15, 16, 17] :
where
Here M is the gaugino mass,
, and
C(R), C(G) being the quadratic Casimirs for the matter and adjoint representations respectively and X function above is given in the NSVZ scheme [18] . Eq. (11)holds in a class of renormalisation schemes that includes DRED ′ [19] , which we will use throughout. There is no corresponding exact form for X in the DRED ′ [19] ; however we only require here the leading contribution which is the same in both schemes; the subleading DRED ′ contribution is given in Ref [20] . These formulae can readily be specialised to the case of the RPV MSSM and their implementation can be automated.
The R-parity violating MSSM scenario
The unbrokrn N = 1 theory is defined by the superpotential
and
In above equations, there is a summation over the generation indices (i, j, k = 1, 2, 3) and gauge indices (x, y, z = 1, 2, 3 and a, b = 1, 2). ǫ ab and ǫxyz are totally antisymmetric tensors.
The soft SUSY breaking Lagrangian is given by:
where we have suppressed SU (2) indices. Here B, W and g are the gaugino fields, Q, U , D and L, E are the squark and slepton fields, respectively, andĤ1,2 are the SU (2) doublet Higgs fields. L2 includes terms which violate R-parity and it is given by:
4 Renormalization group equations for the Rparity violating MSSM scenario
In In this paper we present the full two loop beta functions in the R-parity violating (RPV) MSSM scenario. Firstly, We demonstrate the results for the Yukawa coupling β-functions. In terms of the anomalous dimensions, the Yukawa β-functions are given by [13] :
Here t = ln(Q) and γ
are the anomalous dimensions, and they are given by
where γ (1) , γ (2) and · · · are 1−loop, 2−loop, · · · anomalous dimensions. The two-loop anomalous dimensions and gauge β-functions of the R-parity violating MSSM have been given in Ref [13] . Using the results of Ref [13] the two-loop Yukawa β-functions for the R-parity violating MSSM are given by: 
The two loop β functions for the gaugino masses and soft breaking masses are given by: 
